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INTRODUCTION

Mullite is an important engineering ceramic material for high-
temperature applications due to its excellent thermal properties 
like high thermal shock resistance and high-temperature shape 
stability (Davis and Pask 1971). The composition of mullite 
refers to the general formula VIAl2(IVAl2+2x

IVSi2�2x)O10�x, where x 
denotes the number of O atoms missing per average unit cell, and 
IV and VI are the coordination numbers of the cations (Cameron 
1977). Mullite crystallizes in the orthorhombic space group 
Pbam (Sadanaga et al. 1962; Angel and Prewitt 1986; Ban and 
Okada 1992). The structure consists of chains of edge-sharing 
AlO6 octahedra running parallel to the c-axis at each corner and 
the center of the unit cell, which are cross-linked by (Al,Si)O4 
tetrahedra forming double chains also running parallel to the 
c-axis. Detailed description of the mullite structure and the no-
tation of atomic sites can be found in Angel and Prewitt (1986) 
and Fischer and Schneider (2000). The mullite structure is able 
to incorporate considerable amounts of various transition-metal 
cations (Schneider 1990; Schneider et al. 1994). Generally, transi-
tion-metal cations can enter the mullite structure by replacing Al 
in the AlO6 octahedra or (Al,Si)O4 tetrahedra, by incorporation 
in the structural channels running parallel to the c-axis, or by 
incorporation into the structural voids produced by removal of 
O atoms from Oc sites. Incorporation of Cr is of special interest 
because the low thermal expansion of mullite can be further re-
duced in this way (Schneider and Eberhard 1990; Brunauer et al. 
2001). Cr3+ preferentially substitutes for Al3+ in AlO6 ochtahedra 
of the mullite structure, but a considerable amount of Cr3+ can be 
incorporated in interstitial sites in the relatively wide structural 
channels running along the c-axis (Schneider 1990; Schneider 
and Eberhard 1990; Rager et al. 1990; Schneider et al. 1994; 
Brunauer et al. 2001). A detailed structural study of Cr-doped 
mullites derived from single-phase precursors was published 
recently by the present authors (Tkalčec et al. 2006). Schneider 

and Eberhard (1990) reported a thermal expansion study of pure 
3Al2O3·2SiO2 (3:2) sinter-mullite, Cr-doped (11.5 wt% Cr2O3) 
3:2 sinter-mullite, and fused 2Al2O3⋅SiO2 (2:1) mullite (single 
crystal) based on high-temperature Guinier X-ray diffraction 
(XRD) techniques in the temperature range 25�900 °C. They 
determined linear expansion coefÞ cients along the crystal-
lographic axes a, b, and c in the temperature range 300�900 
°C. The mean linear expansion coefÞ cient of mullite was small 
(<5.5 × 10�6/°C), and it was noticed that thermal expansion de-
pended on the compositional state, x, of the mullite. For undoped 
and Cr-doped 3:2 sinter-mullite (x = 0.25), thermal expansion 
along the b-axis was greatest followed by c and a. For pure 2:1 
fused-mullite (x = 0.40), thermal expansion along the c-axis 
was greatest followed by b and a. Further studies (Schneider 
et al. 1993) indicated that mullites displayed discontinuities in 
thermal expansion between about 400 and 500 °C. Expansion 
discontinuties were large along a, but much smaller along b and 
c. The slopes of a- and volume-expansion curves, respectively, 
were steeper above the expansion discontinuity than below it, 
but this tendency was not observed for those of b and c. It was 
supposed that such behavior in thermal expansion possibly 
could be caused by deformation, rotation, or tilting of the AlO6 
octahedra, or by deformation of T*O4 tetrahedra of the mullite 
structure. A thermal expansion study of undoped and Cr-doped 
(10.8 wt% Cr2O3) sinter 3:2 mullite performed by Brunauer et al. 
(2001), using in situ neutron (25�1600 °C) and X-ray synchrotron 
(25�1000 °C) diffraction techniques, showed that from 300 up 
to 1000 °C, mullites displayed a linear and low increase of their 
lattice parameters. Above 1000 °C, the expansion behaved dis-
continuously. The expansion for undoped and Cr-doped mullite 
strongly increased, yielding similar values of mean expansion 
coefÞ cients for both mullites (α ≈ 7.50 × 10�6/ °C). The expan-
sion along b-axis in the Cr-doped mullite even exceeded that of 
undoped mullite. High-temperature XRD studies under heating 
and cooling conditions showed reversible expansion effects. 
Brunauer et al. (2002) gave an explanation for the greatest ther-
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ABSTRACT

Thermal expansion of Cr-doped (0, 2.30, 4.74, 6.97, and 9.17 wt% Cr2O3) mullites derived from 
single-phase precursors was studied by in situ (480�940 °C) powder X-ray diffraction. Chromium 
doping caused an increase in unit-cell parameters. The strongest expansion due to Cr incorporation 
into mullite was noticed along the c-axis, followed by a and b. In the temperature range from 480 
to 940 °C, the lattice parameters expanded almost linearly for all prepared mullite samples. Thermal 
expansion of Cr-doped mullite was smaller than of pure mullite. Both undoped and Cr-doped mullites 
displayed strongest thermal expansion along the b-axis, followed by c and a. CoefÞ cients of thermal 
expansion along the a, b, and c-axes displayed minima for mullite doped with 6.97 wt% Cr2O3.
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